Ornithologists have rarely succeeded in demonstrating any functional significance of the differences in the shapes of birds' eggs. Presumably, egg shape is the result of natural selection. If so, differences in shape must reflect adaptations to different environmental conditions, and an understanding of the selective advantages of different egg shapes would provide some broader insights into avian biology. gated the effect of shape on the surface-volume relationship of birds' eggs. Having discovered a systematic effect of shape, I have improved the accuracy with which egg surface area can be predicted from simple measurements. Additionally, I have developed a simple and accurate device for measuring volume. As a check of the accuracy of equation (l), they compared the surface areas predicted with it for four eggs of divergent shapes with the surface areas they had measured. They found a maximum error of less than three percent; and this, as well as the extremely high correlation coefficient, certainly indicates that shape does not have a profound effect on the surface-volume relationship. However, since the comparison made on these four eggs was their only check of the effect of shape, we cannot exclude the possibility that some systematic relationship does exist.
As a check of the accuracy of equation (l), they compared the surface areas predicted with it for four eggs of divergent shapes with the surface areas they had measured. They found a maximum error of less than three percent; and this, as well as the extremely high correlation coefficient, certainly indicates that shape does not have a profound effect on the surface-volume relationship. However, since the comparison made on these four eggs was their only check of the effect of shape, we cannot exclude the possibility that some systematic relationship does exist.
Volume = rrJy2 dx (2)
The equation for the area of a surface of revolution can be solved only in special cases. If the function, f(x), is known, a close approximation can be made by using a computer to simulate the integration by solving the equation :
The error involved in the approximation is small if Ax is small.
SURFACE-VOLUME INDEX
The equation specifying the surface area of an object in terms of its volume has the form:
A method of quantifying and comparing egg shapes is necessary for a systematic study of its effect on the surface-volume relationship. Preston (1953) d escribed a method for defining the shape of eggs mathematically. He later derived three dimensionless shape "specifiers" and published the values of these specifiers for the eggs of 63 families of North American birds (Preston 1968 (Preston , 1969 . In the present study, I have systematically investiSurface Area = K * Volume s
This can be rearranged so that the constant is specified in terms of the surface area and volume :
The constant, K, expresses the relative amounts of surface area and volume and, being dimensionless, allows the direct comparison of objects of different sizes. For the purposes of this study, the constant defined by equation (5) Elongation is self-explanatory. Asymmetry specifies the extent to which one end is more pointed than the other, and Bicone specifies the extent to which the average curvature of the two ends deviates from the curvature of an elipsoid with major axis equal to L/2 and minor axis equal to B/2. 
METHODS

EGGS
STATISTICS
Regressions were calculated by the method of least squares. Because the existence of measuring bias is of primary interest in this study, all errors are presented as mean percents, plus or minus a 95% confidence interval. A test was considered significant if P < 0.05.
MEASUREMENT OF VOLUME BY WATER DISPLACEMENT
Egg volume was measured in a series of speciallyadapted plastic beakers in which the water level was automatically regulated by a glass spout (figure 2). When the water level in the beaker was raised above the regulated level, water drained from the spout until the water in the beaker returned to the regulated level. The blown eggs were filled with water and sealed with a one-centimeter square piece of plastic tape so that they would sink when placed in the beaker.
The volume of an egg was then determined by weighing the water (to the nearest For the smallest eggs, I improved the precision by substituting isopropyl alcohol for the water because its lower surface tension reduced the size of drops falling from the spout. The volumes reported are the means of four replicate measurements.
Fluid densities were corrected for temperature.
I checked the accuracy of this method by measuring the volumes of pieces of machined aluminum rod in the beakers. The actual volumes of the rods were determined by measuring their length and diameter with calipers, and they were checked against the volumes predicted by weight and density. The volumes of the rods determined by these two methods differed by less than 0.05%. All five beakers yielded volumes which were reproducible within one percent, and none of them had a systematic error.
COMPUTER
MEASUREMENT OF SURFACE AREA AND VOLUME The function, f(x), used to determine the surface area and volume with equations (2) and ( 3) was a third order polynomial fitted to a series of points defining the profile of half of the egg. These points were measured as radii from the axis of symmetry on a high contrast enlargement from a 35mm negative.
At least 25 radii, recorded to the nearest 0.2mm, were measured on each egg, using a piece of semi-transparent graph paper (Keuffel & Esser #46-1513) symmetrically placed over the image of the egg. The distance between successive radii was smallest near the ends of the egg, but never exceeded one centimeter.
The accuracy of this method, obviously, depends on the accuracy with which the polynomial fits the points. Since the entire half-profile of most eggs cannot be accurately approximated by a third-order polynomial, the egg was divided into nine segments along its length; and a different polynomial was fitted to each segment. The fit achieved in this way was exceptionally good, the line appearing to pass through every point and having a very smooth curvature between the points. This meant that the portion of the egg profile between the points did not have to be approximated by a straight The computer-predicted surface areas were then corrected by the percent errors predicted by equation (9).
The mean error in the computerpredicted volumes was +0.66% kO.25, and this was very similar to the error in the volumes predicted by the computer for the geometric eggs (0.72%).
DETERMINATION OF EGG SHAPE SPECIFIERS
The calculation of the values of the egg shape specifiers required the measurement of the radii of DONALD F. HOYT The mean difference between the surface areas measured for the eggs in this study and those predicted for them with equation (11) 
